During the period 1997 -1998, macroalgae, sea snail, mussel, fish and sediment samples were collected at different stations of the Turkish Black Sea coast in order to establish the concentration of selected heavy metals. Heavy metals analyzed were Cd, Co, Cr, Ni, Zn, Fe, Mn, Pb and Cu. The results showed that the Turkish Black Sea coast is facing heavy metal pollution. The metal concentrations in macroalgae, sea snail, mussel and sediment samples are very high. However, Cd, Pb and Cu concentrations in anchovy fish decreased, while Co, Fe, Zn, Cr, Mn and Ni contents had changed when compared previous data. The metal levels in macroalgae did not follow the same pattern as concentrations in sediments at the same station. On the other hand, concentrations of Cd, Co, Cr, Zn, Fe, Mn and Cu in sea snail, mussel and fish samples were related to sediment data in the examined stations. D
Introduction
Contaminants such as metals are introduced into the Black Sea through rivers or direct discharge of industrial wastes and agricultural and municipal usage. Moreover, the metal levels in the Black Sea have increased due to oil pollution and airborne contaminants. About 60% of the petroleum hydrocarbons in the Turkish Black Sea coast during the period of 1980 and 1995 came from spill and discharges related to marine transportation and ballast wastes in hundreds barrels that had been dumped irresponsibly by foreign ships (Topcuoglu et al., 1990a) . In one study, the concentrations of many elements in airborne particles were found to be a factor of two higher in the western part of the Black Sea compared to the corresponding concentrations in the eastern part (Hacisalihoglu et al., 1992) . This study also showed that Europe is the dominant source of anthropogenic metals in the Black Sea atmosphere.
In an earlier study, Polikarpov et al. (1994) indicated that the quality of river and sewage waters has been changed during the period of 1980 and 1990. As a result, the concentration of the metals has also increased in river and sewage waters delivered to the Black Sea. Heavy metals in aquatic environment can remain in solution or in suspension and precipitate on the bottom or be taken up by organisms. The analysis of metal concentrations in biota samples at the same locations can indicate the transfer of metals through food chains.
Some papers have been published concerning heavy metal levels observed in macroalgae (Güven et al., 1992 (Güven et al., , 1998 Topcuoglu et al., 1998) , sea snails (Topcuoglu et al., 1994) , mussels , fish (Topcuoglu et al., 1990b (Topcuoglu et al., , 1995a and sediment samples (Topcuoglu et al., 1995b; Güven et al., 1998) at the Turkish Black Sea Coast. Moreover, the heavy metal contamination in Turkish Black Sea marine environment has been reviewed in another report (UNEP, 1998) .
The objectives of this paper are to examine the concentration selected heavy metals in marine organisms and sediments at different stations during 1997 and 1998, to compare heavy metal concentrations in any trophic level and to examine the relation of heavy metals in organism and sediment to land use in the Turkish Coast of the Black Sea. In addition, the present results are compared with the similar studies that have been carried out in the region.
Materials and methods
The sampling stations of biota and sediment samples in Turkish Coast of the Black Sea are shown in Fig. 1 . The macroalgae species were Ulva lactuca (green alga) and Cystoseria barbata (brown algae). About 200 g of fresh weigh were harvested at low tide. The algae samples were washed in seawater at the sampling station and transferred to the laboratory under refrigerated conditions. After their arrival at the laboratory, they were rinsed in seawater to remove sand and other contaminating materials. Lastly, samples were rinsed in distilled water. They then were dried at 85°C (to constant weight) and then homogenized. The samples were kept away from metallic materials to avoid contamination.
Immediately after collection, sea snail, mussel and fish samples were stored on ice in an insulated box and transferred to the laboratory and then were frozen at À 21°C until required for metal analysis. The species of the organisms and related specifications are given in Table 1 . Prior to metal analysis, all the soft part and muscle tissue for each sea snail (10 -12 cm shell length) and all the soft part of each mussel (7 -8 cm shell length) was dissected. The muscle samples of the fish were prepared from the tail part of the fish. The samples were pooled and freeze-dried for 7-10 days to a constant weight.
About 4 cm of the top of sediment samples were collected within the same 20-40 m reach at each station using a Lenz Bottom Sampler. The collected sediment was composed and sieved in the field and the < 63 m size fraction was kept for heavy metal analysis. They then were stored in plastic cups that were cleaned by 1:1 HCl and 1:1 HNO 3 until analysis. About 100 g of sediment samples were dried at 85°C for 48 h, crushed and homogenized prior of the analysis.
Five g of the biota sample were transferred into a 250-ml glass beaker. Firstly, 5 ml of concentrated H 2 SO 4 were added on the sample and the beaker placed the hot plate at 70 -80°C. After 15 min, a small amount of the concentrated HNO 3 was added very slowly and continued heating at 120°C. When the sample solution became liquid, hydrogen peroxide was added and continued heating at the same temperature for 30 min. The hydrogen peroxide was added until the sample remained clear for 2 h at 150°C. After that, the sample was diluted to 100 ml with 2% HNO 3 in a volumetric flask. One gram of the sediment sample was dissolved in concentrated nitric acid in a Teflon beaker and small amount of hydrofluoric acid was added. The other procedure was followed as biota sample. The accuracy of the analysis was verified by analyzing the IAEA's certified reference materials, SL-1 and lake sediment, by the same procedure used for the samples. The heavy metal concentrations were determined by atomic 
Results
The metal contents of algae are shown in Table 2 . The Cd and Cr concentrations are higher in C. barbata species than U. lactuca species collected from the same stations. On the other hand, the Co level in U. lactuca at Kilyos station is higher than that the brown algae species. No comparison could be made regarding the other heavy metal concentrations of the algae species. The maximum concentrations of Cd, Ni, Fe, Cu and Co, Zn and Cr, Mn in algae samples were found at İgneada, Kilyos and Sinop, respectively. The result also showed that the Perşembe algae was less polluted than those at İgneada, Kilyos and Sinop.
The heavy metal concentrations in the sea snail and mussel samples are presented in Tables 3 and 4 . The patterns of heavy metals occurrences in muscle tissues of sea snail and mussel samples in order of decreasing contents were Pb > Cr > Cd > Mn > Ni > Co > Cu > Fe > Zn > for R. venosa and Pb > Co > Cd > Cr > Cu > Mn > Ni > Zn > Fe > for M. galloprovincialis. The heavy metal occurrences were in the order Pb > Co > Cr > Ni > Mn > Cd > Cu > Zn > Fe > for soft part of sea snail samples. These results showed that the orders of the metal levels changed between these two organisms and the soft part and muscle of the sea snail samples. The heavy metal concentrations in soft parts of sea snail were generally higher than muscle tissues of the same organism. However, Co and Cu concentrations were found significantly higher in muscle tissue than the soft part of sea snail collected from the Rize station. The Ni concentration was also high in muscle tissue of the sea snail in Rize station. At the same time, Cu, Co and Ni concentrations were higher in mussel species collected from the Rize station than other stations. On the other hand, the Zn, Cd and Pb were detected higher levels in Amasra mussel samples.
The data for heavy metals in fish species are presented in Table 5 . With the exceptional Ni difference was observed in the concentration of the metals in anchovy fish samples collected from western and eastern Black Sea stations. The Ni concentration of anchovy fish sample collected from Perşembe station during 1997 was much higher than other fish samples. But, the heavy metal concentrations in anchovy fish were not significantly changed from 1997 to 1998 at the same station. The Cd, Co, Cr, Ni and Pb concentrations in other fish samples, except bass, were found below the detection limit. The Zn, Fe and Mn concentrations in all fish samples were similar. However, Cu levels were much higher in shad fish and whiting fish collected from the İgneada and Rize stations. Lead was detected only in the Perşembe anchovy fish sample.
The heavy metal concentrations in sediments are shown in Table 6 . The Co, Fe, Mn and Cu concentrations decreased from İgneada to Kilyos and increased from Amasra to Rize. No correlation could be made regarding Cd, Cr, Ni, Zn and Pb in sediment samples collected from the stations. However, the maximum concentrations of Co, Zn, Fe, Mn, Cu and Cr, Ni in sediment samples were found in Rize and Sinop stations, respectively. The Pb concentration was high in Perşembe station. These results indicate that Rize and İgneada sediments are more polluted than those at Kilyos, Amasra, Sinop and Perşembe.
Discussion
Concentrations of some heavy metals in macroalgae species have been reported for the Black Sea (Güven et al., 1992 (Güven et al., , 1998 Topcuoglu et al., 1998) and Bosphorus (Kut et al., 2000) for C. barbata and U. lactuca. In present study, Cd in C. barbata at İgneada, Co in C. barbata and U. lactuca at Kilyos and Cr in C. barbata at Kilyos and Sinop stations are higher than were found in the same species and same locations in the previous studies. The concentrations of the metals are also higher than Bosphorus region. Moreover, Cu contents in the algae species in the present study are dramatically increased relative previous results for samples collected before 1994. On the other hand, Pb concentrations decreased during the past 5 years after preventative measures were enforced by the Turkish Coast Guard for discharging ballast and bilge water from ships.
It is not possible to compare concentrations reported from other marine environments with those reported here. The wide variations of metal concentrations observed due to seasonal changes and to the chemical -physical characteristic of the sampling sites (Favero et al., 1996) . Moreover, the influence of the systematic position and chemical composition of algae species on the uptake of metals have been investigated by many authors (Sivalingam, 1978; Topcuoglu and Fowler, 1984) .
In a previous study, the heavy metal concentrations were investigated in muscle tissue of sea snail collected from the Bosphorus and eastern Black Sea region during 1987 and 1988 (Topcuoglu et al., 1994) . Their results indicated that the metal concentrations were higher in the Bosphorus than the Black Sea (except Ni). Contrary to the early findings, the Co, Cr and Cu concentrations are higher in the Black Sea stations than Bosphorus station (R. Feneri). When comparing the previous results with the presented in the Black Sea the Cd, Co, Cr, Ni, Zn and Mn concentrations increased, Pb decreased and Cu concentrations not changed during past 10 years. Comparison of the data in Table 4 shows that heavy metal levels in mussel samples at R. Feneri are lower than other stations. This result also showed that the Bosphorus region was less polluted than Turkish Black Sea coast. On the other hand, Zn, Fe and Cr concentrations in mussel at Kilyos station in the present study significantly decreased than the concentrations for the mussel collected from the Kilyos in 1993 . However, Co concentration not changed during past 5 years.
In general, the concentrations of Mn, Cu and Cd in mussels collected from the Romanian Black Sea coast agree well with the present result (Bologa et al., 1988) . Only in the case of our Cu data was the opposite trend noted. The present data for all stations indicates that Cu concentration tended to increase in all organisms during 1997 and 1998. The Cu concentrations of the mussel samples at the different stations of the Black Sea are similar to those reported for coastal area of Saronikos Gulf in Aegean Sea and other Mediterranean areas (Bei et al., 1998; UNEP, 1996) .
The fish production of Turkey from the Black Sea in 1995 was 442,000 tones annually (TSI, 1997). More than 80% of the fish caught is anchovy. The heavy metal levels in anchovy and some fish species in the Black Sea have been investigated during the period of 1987 -1989 (Topcuoglu et al., 1990b , 1995a . The results presented above clearly indicated that Cd, Pb and Cu concentrations in anchovy fish are slightly decreased, but Co, Fe, Zn, Cr, Mn and Ni concentrations have not changed when compared with the previous data. At the same time, the heavy metal concentrations in shad, bass and whiting fish samples are generally lower than goatfish, red mullet and turbot fish collected from the Igneada, Sinop and Trabzon regions during 1987.
The heavy metal concentrations in several fish species from the Mamaia Bay of the Romanian Black Sea sector were determined by Bologa et al. (1988) . The range of metal concentrations were as follows: Mn, Fe, Cu, Cd, .56 mg g À 1 (dry wt). This ranges in the present data are: Mn, 0.69 -3.56; Fe, 37 -61; Cu, 1.01 -4.54; Cd, < 0.02-0.24 and Pb, < 0.05-0.6 mg g À 1 . Much lower concentrations of Mn, Cu, Cd and Pb were found at the stations of the Turkish Black Sea region. Recently, no similar published data in scientific literature from the Black Sea. For this reason, it is impossible to write any conclusion about metal levels in the Black Sea fish. At the same time, the comparison of heavy metal concentrations in fish with other studies carried out in different marine environments are also difficult because of differences in fish species, types of tissue analyzed, methodologies and other factors.
The concentrations of Co, Cr, Zn and Fe in sediment samples at the Kilyos, Riva, Ş ile and Sinop stations were investigated after collected in 1993 (Topcuoglu et al., 1995b; Güven et al., 1998) . When compared the results at the Kilyos and Sinop stations of the previous studies with the presented findings Cr and Zn and Co, Zn and Fe levels seemed increased, respectively. On the other hand, Co and Cr concentrations in Kilyos and Ş ile stations are decreased. The heavy metal levels in the Bosphorus and Marmara Sea sediments were also investigated during the period of 1990 (Güven et al., 1992 Esen et al., 1999; Kut et al., 2000) . The Cd and Pb concentrations in the sediment samples of the present study were lower than the Bosphorus sediments. The Mn concentration is high than Bosphorus sediment. In general, the Co, Cr, Ni, Zn, Fe and Cu in our results are higher in Igneada, Sinop, Persembe and Rize stations than Bosphorus and Marmara Sea sediments.
The Cr concentration in Sinop station sediment indicated that this area was heavily polluted and approaching the ''severe effect level'' when compared with the Sediment Quality Guidelines of the Ontario Ministry (Persaud et al., 1992) . The concentrations of Mn, Pb and Cu in the sediment samples in this study are generally higher than the concentrations found in the northern sector of the Romanian marine environment (Bologa et al., 1988) , while Cd, Pb and Cu concentrations are lower than in the sediment collected from the southern sector.
The macroalgae and mussel species are most extensively used for monitoring heavy metal contamination in estuarine and seashore areas. There are no published data for use of sea snail as indicator in metal pollution. The previous study indicated that the use of the sea snail species for monitoring of heavy metals on the shoreline of the Black sea marine environment would be valuable tool (Onat and Topcuoglu, 1999) . The regional variations in heavy metal concentrations among the Black Sea stations were evident in all species examined beside of the sediment results. At the same time, we found significant differences in heavy metal concentrations in different organisms at the same stations. On the other hand, some authors have noted no differences between the metal concentrations in similar organisms in the same area (Fowler, 1986) .
Heavy metals in the near shore sediments in the eastern Black Sea that might be related to agricultural and industrial activities of the region specially from mining practices. At the same time, elevated concentrations of some heavy metals can be related to geology of the sediment source. On the other hand, the heavy metal concentrations in the western Black Sea region influenced by the rivers and atmospheric precipitation. Furthermore, Heiny and Tate (1997) indicated that the concentrations of trace elements in fish tissue are also related to concentrations of elements in sediment. Heavy metal levels in macroalgae did not follow the same patterns as concentrations in sediment at the same station. On the other hand, concentrations of Cd, Co, Cr, Zn, Fe, Mn and Cu in sea snail, mussel and fish samples related to sediment results in the examined stations.
Conclusion
The results presented above clearly demonstrated that the Turkish Black Sea coast is facing heavy metal pollution. The metal concentrations in macroalgae, sea snail, mussel and sediment samples are very high. On the other hand, some heavy metal levels decreased in fish species specially anchovy fish. Moreover, lead concentrations in biota samples found below detection limit after preventive measures were enforced by the Turkish Coastal Guard for discharging ballast and bilge waters from ship.
